The application of electronic computers to medical problems offers roseate visions, which the experts are busily working towards. Even ordinary medical research workers and clinicians are beginning to understand some of the possibilities, and a few of them are even beginning to think that these machines might be of help to them in their everyday work. Unfortunately, when they try to find out something about the practical use of electronic computers they come up against difficulties. This is true even for those who are acquainted with programmers, or can get in touch with computing installations.
Brit. med. J., 1965, 2, 1048-1050 The application of electronic computers to medical problems offers roseate visions, which the experts are busily working towards. Even ordinary medical research workers and clinicians are beginning to understand some of the possibilities, and a few of them are even beginning to think that these machines might be of help to them in their everyday work. Unfortunately, when they try to find out something about the practical use of electronic computers they come up against difficulties. This is true even for those who are acquainted with programmers, or can get in touch with computing installations.
It is the purpose of this paper to give an account of these difficulties and to provide a solution.
How a Computer Works A digital computer is a device for manipulating symbols.
These may represent the digits of arithmetic, or they may be symbols of logic. It is a " general purpose " device, and will deal with specific tasks only when it is first "adjusted" to do them. This adjustment is known as programming. The programming of these machines was at first extremely complicated, and only the expert could do it. It became obvious that the process had to be simplified, and this was done by dividing the procedures into two stages. The first is to write the programme in a simple form, in a " language " easy to understand and use; and then to write another programme which will " translate " the first into a form that will actually operate the machine. The latter programme is called a " comp ler," and once it has been designed and tested it can be fed into the machine and stay there permanently. The prospective user of the machine has merely to learn the simple language and write his programme with its aid. Since the simplified language requires only a few weeks to learn, this marked a great step forward in making the machines accessible to computer " laymen." 1 In actual practice the advance was not so great. It is easy to write a programme, but it is difficult to write one correctly. A computer cannot work if a programme has errors, and the compiler includes procedures for checking that a programme is correctly punched. When an error is found, the machine stops and prints appropriate symbols, which enables the programmer to find the errors. These may be (to the human * Nuffield Professor of Psychiatry, University of Leeds.
A programme is written on sheets of paper, as are the results of experiments. The written symbols are then punched on tape or cards. The tape is then put into a machine, which prints out in ordinary characters the material which has been punched. In this way the accuracy of the punching can be verified and errors corrected by re-punching. The programme tape and data tape are then fed into the computer. The information fed into the computer is known as " input," a term which is also used to refer to the actual tapes or cards. The results produced by the computer are the " output," and can appear either in the form of punched tape or cards, which then have to be printed out, or directly as printed material. In the former case, the output is in a form which could be used as input; in the latter, it would have to be handpunched and checked first. mind) extraordinarily trivial: a small letter instead of a capital letter, the omission of a comma or semi-colon, and so on. Once the error has been found, it has to be corrected by re-punching, and the programme tried again on the machine; another error may then be found. The physician or research worker who tries to get some computing done for him is soon disillusioned. The standard programmes exist, but as far as he is concerned they are a myth. In the first place, they may be written in a language which cannot be used on the local computer. If the language is correct, the " conventions " may be wrong-that is, even when a machine can use a standard language the appropriate form in which data are punched varies from one machine to another. So do the instructions for reading the data into the machine and for printing it out.
For example, to read 15 figures into a machine using the Autocode language, the instruction is written and punched on to the tape as VO = TAPE 15 which means that the machine will store the first number into the "container" called VO, the next one into the container V1, and so on, the last going into V14. The machine will then proceed to the next instruction. In the Algol language the same instruction is written for j: = 1 step 1 until 15 do Data [ jI: = read (20); which means that the machine will read the figures punched in the tape into the set of 15 containers labelled Data 1-15. The letter j is used as a counter and when it reaches 15 the last figure is read and the machine goes on to the next instruction. In some machines a figure is printed out using the instruction " PRINT," in others it is written as " WRITE," and so on.
It is therefore necessary to find a programmer who has time to spare and explain what is required. He will then find a standard programme and rewrite it to suit the machine. The programme will have to be punched and checked for errors Bhnue (more delay) and tested on data the results of which are known (still more delay). After this the data will have to be punched, 
Summary
The physician or research worker who wishes to make use of computers for the analysis of his data finds practical difficulties unless he is in close contact with an installation which provides a service. The situation is slowly improving but it is still unsatisfactory. A system of programmes has been described which will enable the prospective user to get routine statistical work done without calling on the services of a skilled programmer. The system has been designed so that it is as flex'ble as possible; it will handle a large number of variables and any number of cases. Results are produced in stages for ease in comprehension. Its great asset is that it is available here and now.
The major part of the work was done while I was working on the External Scientific Staff of the Medical Research Council, to which credit is due. I have to thank Mr. R. J. McGuire and Miss M. J. Goodman, of the Department of Psychiatry, University of Leeds, for help in translating the programmes into Algol.
Appendix
The primary data tape starts with a number which acts as identifier. The number is copied on to the output, which serves to identify the data from which the results are obtained. This is important when more than one series of data is being analysed. After the identifier comes the number of variables, and then the number of cases. The data for each case is then punched, preceded by the case number, and followed by the sum of all the figures for that case (this serves as a check Input : (1) Number of cases to be selected and the case numbers.
(2) Standard data tape.
